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A B S T R A C T
Establishing the shape and determinants of trajectories of body mass index (BMI) among Soldiers is critical given
the importance of weight management to military service requirements. To establish the shape and determinants
of BMI trajectories among Soldiers, we aimed to (1) model the overall BMI trajectory of Soldiers, (2) find the
most common trajectory groups among Soldiers, (3) investigate the relationship between BMI trajectories and
sociodemographic and military-specific characteristics, and (4) determine if there were Soldiers with large
fluctuations in BMI. The study population included all US Army Soldiers on active-duty between 2011 and 2014
who were age 17–62 (n=827,126). With longitudinal data from the Stanford Military Data Repository, we used
group-based trajectory modeling to identify the BMI trajectories of Soldiers and multinomial logistic regression
to estimate associations between Soldier characteristics and trajectory membership. Four distinct BMI trajectory
groups were found: increasing, decreasing, constant, and inconstant. The constant, increasing, and decreasing
trajectories were similar in shape and percentage between men and women. The constant trajectory had the
fewest Soldiers who exceeded weight standards or had duty limitations. The increasing trajectory was associated
with marriage and fewer service years. The decreasing trajectory was associated with more service years and
higher educational attainment. The inconstant trajectory differed in shape between men and women. Over 6% of
men and 12% of women had fluctuations in BMI indicative of weight cycling. Understanding the characteristics
associated with BMI trends may assist the Army in targeting resources aimed to improve Soldier health and
combat readiness.
1. Introduction
US Army Soldiers have similar sociodemographic characteristics to
civilians, but military-specific characteristics and demands, including
higher levels of physical activity, likely affect trends in body mass index
(BMI). In addition to physical fitness tests, twice yearly the Army as-
sesses a Soldier's compliance with weight and body composition stan-
dards using BMI-based weight-screening tables and circumference-
based relative body fat assessments (Friedl, 2012; United States Army,
2013). These requirements result in the Army representing a population
required to self-monitor weight to meet these standards. Despite these
requirements, BMI has risen among members of the military, though to
a lesser degree than in civilian populations (Smith et al., 2012).
As an anthropometric tool, BMI has been essential for documenting
the obesity epidemic and its health consequences (Prentice and Jebb,
2001) and has been used to model the BMI trajectories of populations
over time (Heo et al., 2003). Many studies are available on BMI tra-
jectories of adults, children, and some specialized populations (Cole
et al., 1995; de Groot et al., 2014; Jackson et al., 2012a; Tu et al., 2015;
Walsemann et al., 2012), but few longitudinal studies of BMI trajec-
tories in military populations exist. In civilians, characteristics such as
gender (Flegal et al., 2016) are associated with BMI and older age,
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minority status, and low education are predictors of obesity (Zhang and
Wang, 2004; Lahmann et al., 2000). Military-specific characteristics
such as duty limitations or rank may be associated with BMI, but re-
latively little research are available on the sociodemographic or mili-
tary-specific characteristics associated with BMI (Smith et al., 2012).
Examining how Soldier characteristics relate to BMI trends could in-
form future research aimed at increasing compliance with weight
standards and corresponds with Army priorities of improving combat
readiness (Army Medical Command, 2017).
Using longitudinal data that included the entire population of the
Army over a four-year period, we aimed to (1) establish the overall BMI
trajectory of the Army by examining BMI changes associated with
aging, hypothesizing there would be substantive differences between
the BMI trajectory of Soldiers and BMI trajectories of civilians observed
elsewhere (Jackson et al., 2012a; National Center for Health Statistics
(U.S.), National Health and Nutrition Examination Survey (U.S.), 2016),
(2) find the most common trajectory groups among Soldiers, hypothe-
sizing there would be at least three distinct BMI trajectories, a majority
group with a constant BMI, those who gained BMI, and those with an
inconstant BMI, (3) investigate the relationship between BMI trajec-
tories and select sociodemographic and military-specific characteristics,
hypothesizing certain Soldier characteristics would be associated with
BMI trajectory, and (4) determine if there were Soldiers with large
fluctuations in BMI, hypothesizing fluctuations would be common.
2. Methods
2.1. Data and study population
Data were from the Stanford Military Data Repository (SMDR), a de-
identified longitudinal dataset encompassing health, administrative,
and sociodemographic data from all active-duty Soldiers between
January 2011 and December 2014. Prior to any research activity, the
SMDR was created by merging multiple military data systems using a
Soldier's social security number that was then replaced with a unique
participant ID (Table 1). These data were organized as a person-month
panel providing up to 48months of observation. The sample was re-
stricted to Soldiers 17–62 years old (n=827,126), which is the typical
age range of Soldiers due to minimum entrance and mandatory re-
tirement rules. The study was approved by the institutional review
boards of the University of South Carolina, Stanford University, and the
Defense Health Agency's Human Research Protection Office.
2.2. Measures
The dependent variable was BMI measured by medical staff at
military medical facilities or by trained non-commissioned officers
during mandatory body composition checks using the same procedures
during the study period. BMI observations were screened for biologi-
cally implausible values within the population and within each person's
data by subtracting each Soldier's mean BMI from all of their available
BMI observations. BMI measures varying±5 BMI points from the
person's mean were considered implausible values. This permitted any
two BMI observations to be up to 10 BMI points apart (~23 kg) before a
value was considered biologically implausible within a person's data.
To account for the biological influence of pregnancy, we removed BMI
observations taken in a month when a woman's medical record had a
diagnosis code for pregnancy. We chose not to remove all BMI ob-
servations in women who had a pregnancy since Army regulations re-
quire women to meet weight standards within six months of childbirth
(United States Army, 2013). These cleaning procedures removed
464,729 (2.2%) of the total number of possible BMI observations
(Fig. 1).
2.3. Independent variables
The sociodemographic variables included were age, education,
marital status, race/ethnicity, service years, branch of service, and
rank. For time-variant variables, we used the first observed value in the
analysis. Race and ethnicity were separate variables and were com-
bined using federal guidelines (OMB Directive 15, n.d.).
Duty limitations were determined if a Soldier was “Medically Not
Ready” (MNR) for deployment by a code of 3 or 4 indicating a sub-
stantial duty limitation in one or more categories used to quantify
medical readiness in the eProfile system: physical capacity, upper ex-
tremities, lower extremities, or psychiatric (United States Army, 2016).
Exceeding weight standards was determined by a Soldier exceeding
weight and relative body fat standards (United States Army, 2013)
during the study interval.
2.4. Statistical analysis
Data were analyzed using Stata, version 14.2 (StataCorp, College
Station, TX). All analyses were stratified by gender given expected
differences in BMI (Flegal et al., 2016). We determined the overall BMI
trajectory of the Army through examining BMI changes associated with
aging by graphing the mean BMI of Soldiers at each year of age.
The most common BMI trajectory groups among Soldiers were
modeled through group-based trajectory modeling (GBTM) using the
Stata traj procedure (Jones and Nagin, 2012). GBTM is used to find
distinct trajectory groups within a population using multinomial mod-
eling (Tu et al., 2015; Jones and Nagin, 2012). GBTM is a form of finite
mixture models used to identify groups of individuals following similar
developmental trajectories in an outcome over time, and uses prob-
ability distributions based on maximum likelihood estimation to de-
termine group membership (Jones and Nagin, 2012; Jones and Nagin,
2007; Nagin and Odgers, 2010).
Models with 3, 4, and 5 trajectory groups were examined with
months as a quadratic, cubic, or quartic polynomial and specified as a
censored normal distribution. BMI skewness and kurtosis were 0.43 and
3.35, respectively. Similarly to other research (Walsemann et al., 2012),
we used BMI without transformation after preliminary models using the
natural log of BMI did not appreciably change model outcomes. The
time scale was calendar month to capitalize on the frequent BMI ob-
servations.
Preliminary models produced estimates reflecting differences in
magnitude between the mean BMI of the trajectory groups instead of
BMI changes over time. Graphs of these models displayed horizontal
lines showing only differences in mean BMI between the groups, not
BMI changes over time. We corrected this by centering mean BMI for
each individual at zero, adding back the overall mean of individuals
when creating final graphs.
Models were evaluated by increasing the number of trajectories and
order of the polynomial. Cubic models required ≥3 BMI observations
for each individual,≥4 for a quadratic term, and≥5 for a quartic term
to include Soldiers with enough BMI observations to contribute to
models. The criteria for model selection were percent of Soldiers in each
Table 1
Sources of data from the Stanford Military Data Repository used in the study.
Military health system data repository
Medical diagnosis information
Defense manpower data center
Sociodemographic and military service data
Comprehensive ambulatory/professional encounter record
Height, weight, BMI taken during healthcare encounters
Periodic health assessments
Height, weight, BMI taken during annual health exams
Digital training management system
Height, weight, BMI measured every six months at time of physical fitness tests
eProfile
Duty restrictions determined by medical provider
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trajectory, complexity of the trajectories, stability of the estimates, and
size of the Bayesian Information Criterion statistic. Models of 4 trajec-
tories and months as a quartic polynomial were deemed to distinctly
describe the main trajectories of Soldiers and had the smallest BIC.
A total of 14.8% of Soldiers were excluded from models due to in-
sufficient BMI data (Fig. 1). More than 70% of Soldiers excluded from
the traj procedure were junior enlisted with<4 service years. Of the
122,794 Soldiers excluded from the traj procedure, 94,318 (76.8%)
exited the Army in 2011 or entered the Army in 2014, leaving too little
time to accumulate the≥5 BMI observations required for final models.
GBTM does not model the intra-individual variability representing
the non-trend portions of the trajectories (Frongillo and Rowe, 1999).
To identify Soldiers with large intra-individual variability, such as BMI
fluctuations caused by weight cycling, we fit person-specific growth
curves to a random sample of 10% of men and an equal number of
women (7208 men, 7069 women) with ≥8 BMI observations. To de-
termine the degree of BMI fluctuations over time, we obtained the root
mean squares error (RMSE) from linear regression models of BMI with
time specified as a quartic polynomial. Soldiers with a RMSE of ≥1.0
correspond to those with fluctuations of two or more BMI points, or
about 4.5 kg, over the study period. We considered weight cycling to be
≥3 bidirectional changes of ≥2 BMI points (Field et al., 1999) as seen
by visual inspection of graphs of BMI over time in Soldiers with an
RMSE of ≥1.0.
Bivariate associations described the characteristics of individuals in
the trajectory groups. Multinomial logistic regression using BMI tra-
jectory as the dependent variable identified characteristics associated
with trajectory membership. Categories of race/ethnicity and marital
status were collapsed in regression models for simplicity. Age categories
used in the Army's weight allowance tables were used in regression
models. Due to Army age requirements, cross-classification of socio-
demographics showed categories with few or no Soldiers (e.g. Soldiers
ages 17–20 with> 10 service years). These categories were collapsed to
create a combined age and service years variable. In final models, rank
and branch of service were removed since service years drives rank
attainment and women were not in all branches.
3. Results
The overall trajectory showed for men at age 17 a mean BMI of 23.5
Fig. 1. Flow diagram depicting development of analytical sample of Soldiers and BMI observations, Stanford Military Data Repository, 2011–2014.
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(kg/m2) (SD 2.9) that gradually rose to 28.5 (kg/m2) (SD 3.4), with
men 43 years of age having the highest BMI. BMI then declined with the
mean BMI of men 61 years of age being 27.3 (kg/m2) (SD 3.0) (Fig. 2).
For women 17 years of age, mean BMI was 23.8 (kg/m2) (SD 2.1) with a
small dip noticeable between 18 and 20 years of age, after which BMI
began to gradually rise to 26.6 (kg/m2) (SD 3.7), with women 41 years
of age having the highest BMI. BMI did not begin to decline until
48 years of age for women, with the mean BMI of women 61 years of
age being 25.7 (kg/m2) (SD 3.6) (Fig. 2).
Final group trajectory models included 606,241 men and 98,091
women (Figs. 3 and 4). Among men and women, we observed a BMI
trajectory in which Soldiers gained BMI over time, which was labeled
“increasing.” The percentage of Soldiers in the increasing trajectory was
about equal (11.1% men, 10.6% women). The trajectory with the lar-
gest percentage of Soldiers (60.6% men, 60.0% women) involved
maintaining a consistent BMI over the time interval and was labeled
“constant.” A trajectory comprising those who lost BMI over time had
the smallest percentage of Soldiers (7.2% men, 7.0% women), and was
labeled “decreasing.”
One BMI trajectory was substantially different in shape, but not
proportion, between men and women, and was labeled “inconstant”
(21.1% men, 22.4% women). In men, the inconstant trajectory started
at a higher mean BMI than the increasing and constant trajectories, but
decreased to a lower point than all other trajectories in 2013. This
decrease was followed by a gradual gain leaving the inconstant tra-
jectory with a higher mean BMI in 2014 than in 2011. For women, the
inconstant trajectory tended to be relatively flat towards the beginning
and end of the time interval with an increase in BMI beginning in 2011
that peaked in 2013 and then declined leaving the mean BMI slightly
higher in 2014 than in 2011.
With few exceptions, bivariate associations showed characteristics
of male and female Soldiers in all trajectories to be similar, with the
increasing trajectory group having primarily enlisted and married
Soldiers with fewer service years (Tables 2 and 3). The increasing tra-
jectory also included the largest percentage of MNR Soldiers (13.6%
men, 15.4% women), exceeded weight standards (29.4% men, 35.5%
women), or had BMI fluctuations (29.4% men, 25.1% women). A larger
percentage of women in the increasing trajectory were Black (42.8%
women, 18.8% men). The constant trajectory included the smallest
percentage of men and women who were MNR (3.0% men, 4.3%
women), exceeded weight standards (16.3% men, 25.9% women), or
had BMI fluctuations (4.1% men, 7.8% women). Most men and women
in the decreasing trajectory were older, officers, married, and had more
service years and education.
Fig. 2. Mean BMI (kg/m2) of male and female soldiers ages
17–62, Stanford Military Data Repository, 2011–2014. Men
(n)= 708,884, observations= 18,256,225; women
(n)= 118,242, observations= 2,869,510.
Note: Standard error at age 17 was 0.422 men, 0.470
women. Standard error at all other ages ranged from 0.003
to 0.076 men, 0.008–0.180 women.
Fig. 3. BMI trajectories of male soldiers, Stanford Military Data Repository, 2011–2014. Soldiers= 606,241, observations= 18,113,713.
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Fig. 4. BMI trajectories of female soldiers, Stanford Military Data Repository, 2011–2014. Soldiers= 98,091, observations= 2,836,438.
Table 2
Characteristics of male soldiers by BMI trajectory, Stanford Military Data Repository, 2011–2014.
Sociodemographic variables, mean (SD) or % Increasing
11.1%
n=66,317
obs= 2,545,037
Constant
60.6%
n=380,085
obs= 10,084,005
Inconstant
21.1%
n=118,135
obs=3,791,959
Decreasing
7.2%
n=41,704
obs=1,692,712
Excluded
14.5%a
n=102,643 obs= 144,975
Mean BMI 28.0(3.5) 26.4(3.5) 27.1(3.4) 27.5(3.3) 25.9(3.9)
Age at first observation, years 26.9(7.0) 27.5(7.7) 27.2(7.5) 30.5(7.6) 24.5(6.7)
Rank categoriesb
E1–E4 62.5 58.9 60.5 36.6 80.1
E5–E9 28.2 25.6 26.9 39.4 13.8
W1-O10 9.3 15.4 12.5 24.0 6.1
Years in service
<4 56.7 57.1 57.1 34.8 74.1
4–10 22.4 19.9 20.2 26.3 16.4
11–18 14.3 13.4 14.3 26.3 3.9
18 or more 6.7 9.6 8.4 12.6 5.6
Marital status
Married 74.2 62.7 68.0 82.4 32.4
Single 24.3 35.4 30.3 15.9 65.5
Divorced/widowed 1.6 1.9 1.7 1.7 2.1
Education level
High school/GED 82.1 75.4 78.9 66.1 85.0
Some college 8.1 8.4 8.1 10.6 5.4
Bachelors 7.2 11.3 9.2 14.7 7.6
Graduate 2.6 4.9 3.8 8.5 2.0
Race/ethnicity
NH White 62.9 64.0 62.7 62.7 66.1
NH Black 18.8 17.7 18.3 17.7 15.7
NH Asian/Pacific Islander 2.8 3.7 3.2 3.3 3.7
Multi-racial 1.9 2.4 2.5 3.7 1.9
American Indian/Alaskan Native 0.8 0.6 0.6 0.5 0.8
Hispanic 11.8 12.4 11.5 12.1 11.8
Branch of army
Combat arms 44.9 47.3 46.0 42.0 51.4
Combat support 40.2 36.7 38.3 38.9 35.2
Combat service support 14.9 16.0 15.7 19.1 13.4
Medically not ready 13.6 3.0 5.9 6.0 0.1
Exceed weight standards 29.4 16.3 23.8 19.3 23.7
BMI fluctuations (RMSE≥ 1.0) 12.2 4.1 7.9 10.3 –
BMI observations 38.4(8.9) 26.5(14.1) 32.1(11.4) 40.6(7.6) 1.4(1.5)
a Percent of total sample of men (n=708,884).
b Enlisted ranks: E1–E9; officer ranks: W1-O10; NH=non-Hispanic.
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Table 3
Characteristics of female Soldiers by BMI trajectory, Stanford Military Data Repository, 2011–2014.
Sociodemographic variables, mean (SD) or % Increasing
10.6%
n=10,215
obs= 407,894
Constant
60.0%
n=61,647
obs= 1,550,747
Inconstant
22.4%
n=19,674
obs= 603,980
Decreasing
7.0%
n=6555
obs= 273,817
Excluded
17.0%a
n=20,151 obs= 30,609
Mean BMI 26.5(3.1) 24.7(3.2) 25.7(3.4) 25.5(3.2) 24.5(3.4)
Age at first observation, years 28.3(7.6) 26.8(7.6) 27.4(7.6) 29.4(7.6) 23.8(6.0)
Rank categoriesb
E1–E4 54.1 61.8 60.2 43.2 81.0
E5–E9 30.4 19.9 22.9 31.5 10.4
W1-O10 15.6 18.3 16.9 25.3 8.6
Years in service
<4 52.2 63.8 59.7 44.6 78.8
4–10 22.3 18.9 20.3 25.1 14.8
11–18 18.1 10.4 12.7 22.1 3.6
18 or more 7.4 6.9 7.3 8.2 2.8
Marital status
Married 66.1 56.4 60.5 67.6 38.5
Single 25.6 37.1 32.1 24.3 56.9
Divorced/widowed 8.3 6.5 7.4 8.1 4.6
Education level
High school/GED 69.5 69.0 70.2 61.4 80.0
Some college 10.8 9.0 9.7 10.8 6.8
Bachelors 13.8 14.9 13.9 18.1 9.8
Graduate 5.9 7.1 6.2 9.8 3.3
Race/ethnicity
NH White 36.9 43.4 41.9 41.5 48.3
NH Black 42.8 34.0 35.9 34.9 31.0
NH Asian/Pacific Islander 3.6 4.9 4.3 4.5 3.8
Multi-Racial 4.1 3.6 3.9 4.3 2.9
American Indian/Alaskan Native 0.9 1.0 0.8 0.9 1.1
Hispanic 11.8 13.1 13.2 13.9 12.8
Branch of army
Combat arms 0.0 0.0 0.0 0.0 0.0
Combat support 28.6 33.3 45.5 50.0 0.0
Combat service support 71.4 66.7 54.6 50.0 100.0
Medically not ready 15.4 4.3 5.5 8.5 0.09
Exceed weight standards 35.5 25.9 29.3 28.5 33.1
Weight fluctuations (RMSE≥ 1.0) 25.1 7.8 18.8 17.7 –
BMI observations 40.0(8.5) 25.2(14.9) 30.7(12.2) 41.8(7.3) 1.5(1.4)
a Percent of total sample of women (n=118,242).
b Enlisted ranks: E1–E9; Officer ranks: W1-O10; NH=non-Hispanic.
Table 4
Relative risk ratios and 95% confidence intervals from multinomial logistic regression of characteristics of male soldiers by BMI trajectory, Stanford Military Data
Repository, 2011–2014.
Sociodemographic variables Relative Risk Ratios [95% CI]
Increasing Inconstant Decreasing
Age (y) service (y)
17–20 all service Ref. Ref. Ref.
21–27 < 4 years 0.931 [0.908, 0.955] 0.897 [0.879, 0.914] 1.403 [1.343, 1.463]
21–27 > 4 years 0.932 [0.902, 0.962] 0.860 [0.838, 0.883] 2.094 [1.994, 2.199]
28–39 < 4 years 0.811 [0.779, 0.845] 0.845 [0.818, 0.873] 1.568 [1.480, 1.662]
28–39 > 4 years 0.809 [0.786, 0.833] 0.865 [0.846, 0.885] 2.806 [2.686, 2.930]
≥40 all service 0.642 [0.617, 0.669] 0.784 [0.760, 0.808] 2.119 [2.013, 2.230]
Education level
High school/GED Ref. Ref. Ref.
Some college 0.873 [0.846, 0.901] 0.921 [0.899, 0.944] 1.082 [1.045, 1.121]
Bachelors 0.613 [0.594, 0.633] 0.797 [0.778, 0.815] 1.208 [1.171, 1.246]
Graduate 0.520 [0.493, 0.548] 0.754 [0.727, 0.782] 1.329 [1.275, 1.397]
Race/ethnicity
NH White Ref. Ref. Ref.
NH Black 1.074 [1.051, 1.098] 1.045 [1.027, 1.063] 0.997 [0.970, 1.025]
NH other 0.958 [0.924, 0.994] 0.990 [0.963, 1.018] 1.027 [0.985, 1.070]
Hispanic 1.037 [1.011, 1.065] 1.091 [1.069, 1.113] 1.089 [1.054, 1.125]
Marital status
Unmarried Ref. Ref. Ref.
Married 1.966 [1.926, 2.008] 1.374 [1.352, 1.395] 1.904 [1.850, 1.960]
Note: reference: constant trajectory.
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In multinomial logistic regression models, the reference group was
the constant trajectory and Soldiers 17–20 years of age with any
amount of service for the age-related variables (Tables 4 and 5). For
men, increasing age and service years were related to a decreased risk
of increasing-trajectory membership. Men 21–27 years of age with< 4
service years, compared to the reference group, had 0.931 (95% CI
0.908–0.955) time the risk of increasing-trajectory membership relative
to the constant trajectory. Men ≥40 years of age with any service,
compared to the reference group, had 0.642 (95% CI 0.617–0.669)
times the risk of increasing-trajectory membership. Men ≥40 years of
age with any amount of service had 2.119 (95% CI 2.013–2.230) times
the risk of membership in the decreasing trajectory relative to the
constant trajectory. Higher education, compared to the high school/
GED reference group, was associated with a decreased risk of in-
creasing-trajectory membership relative to the constant trajectory.
Married men, compared to unmarried, were 1.966 (95% CI
1.926–2.008) times more likely to be in the increasing trajectory re-
lative to the constant trajectory.
Table 5
Relative risk ratios and 95% confidence intervals from multinomial logistic regression of characteristics of female Soldiers by BMI trajectory, Stanford Military Data
Repository, 2011–2014.
Sociodemographic variables Relative risk ratios [95% CI]
Increasing Inconstant Decreasing
Age (y) service (y)
17–20 all service Ref. Ref. Ref.
21–27 < 4 years 1.077 [1.007, 1.152] 1.110 [1.058, 1.164] 1.439 [1.311, 1.580]
21–27 > 4 years 1.380 [1.269, 1.501] 1.205 [1.131, 1.283] 2.160 [1.936, 2.409]
28–39 < 4 years 1.504 [1.370, 1.652] 1.241 [1.156, 1.332] 1.661 [1.465, 1.885]
28–39 > 4 years 2.002 [1.864, 2.151] 1.377 [1.303, 1.456] 3.223 [2.929, 3.547]
≥40 all service 1.766 [1.610, 1.937] 1.376 [1.281, 1.479] 2.482 [2.205, 2.794]
Education level
High school/GED Ref. Ref. Ref.
Some college 0.939 [0.874, 1.010] 0.944 [0.891, 1.001] 0.989 [0.905, 1.080]
Bachelors 0.789 [0.739, 0.842] 0.852 [0.811, 0.895] 1.078 [1.002, 1.160]
Graduate 0.606 [0.550, 0.668] 0.733 [0.682, 0.789] 1.036 [0.938, 1.145]
Race/ethnicity
NH White Ref. Ref. Ref.
NH Black 1.388 [1.323, 1.457] 1.062 [1.023, 1.102] 1.016 [0.957, 1.079]
NH Other 1.005 [0.927, 1.091] 0.961 [0.904, 1.021] 1.009 [0.920, 1.107]
Hispanic 1.004 [0.935, 1.079] 1.018 [0.967, 1.072] 1.113 [1.026, 1.208]
Marital status
Unmarried Ref. Ref. Ref.
Married 1.449 [1.385, 1.516] 1.154 [1.116, 1.193] 1.420 [1.343, 1.501]
Note: reference: constant trajectory.
Fig. 5. Examples of weight cycling in Soldiers with an RMSE of ≥1.0, Stanford Military Data Repository, 2011–2014.
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For women, increasing age and service years were related to a
higher risk of increasing-trajectory membership. Women 21–27 years of
age with<4 service years compared to the age and service reference
group, had 1.077 (95% CI 1.007–1.152) times the risk of increasing-
trajectory membership relative to the constant trajectory. Women at
≥40 years of age with any service, compared to the reference group,
had 1.766 (95% CI 1.610–1.937) times the risk of increasing-trajectory
membership. The risk gradient associated with age and service years
was consistent in the increasing and inconstant, but not the decreasing
trajectory. Women ≥40 years of age with any amount of service had
2.482 (95% CI 2.205–2.794) times the risk of decreasing-trajectory
membership relative to the constant trajectory. Higher education in-
creased decreasing-trajectory membership risk. Black and married
women, compared to White and unmarried, were more likely to be in
the increasing trajectory relative to the constant trajectory. Higher
education increased decreasing-trajectory membership risk.
The analysis of intra-individual variability among 14,277 randomly
selected Soldiers revealed that 6.4% and 12.8% of men and women
respectively, had BMI fluctuations (RMSE of≥1.0). Visual inspection of
40 randomly selected graphs of BMI over time in individuals with
fluctuations showed evidence of weight cycling in 13 out of 20 graphs
of men (65%) and 15 out of 20 graphs of women (75%) (Fig. 5). If one
were to extrapolate this analysis to the entire population of Soldiers and
45,366 (6.4%) of men in the Army were found to have BMI fluctuations,
29,488 would likely be weight cyclers, which equates to 4.2% of all
male Soldiers. If 15,135 (12.8%) of female Soldiers were found to have
BMI fluctuations, 11,351 would likely be weight cyclers, which equates
to 9.6% of all female Soldiers.
4. Discussion
We established the overall BMI trajectory of U.S. Army Soldiers and
found that BMI increased with age, similarly to but to a lesser degree
than civilians. For male Soldiers, highest BMI was 28.5 (kg/m2) in their
forties, whereas the average civilian men's highest BMI is in their six-
ties, at 29.4 (kg/m2) (Jackson et al., 2012a; National Center for Health
Statistics (U.S.), National Health and Nutrition Examination Survey
(U.S.), 2016). For female Soldiers, highest BMI was 26.6 (kg/m2) in
their forties, whereas an average civilian woman's highest BMI is in
their fifties at 30.2 (kg/m2) (National Center for Health Statistics (U.S.),
National Health and Nutrition Examination Survey (U.S.), 2016). Dif-
ferences between Soldiers' and civilian's highest BMI and the age at
which BMI begins to decline are likely a result of factors related to
military service.
Army weight regulations allow Soldiers' BMI and relative body fat to
increase with age to a limited degree (Friedl, 2012; United States Army,
2013), but Soldiers must continually self-monitor weight to avoid ad-
ministrative actions for exceeding weight standards. Weight self-mon-
itoring has been found to be a successful strategy for preventing weight
gain among civilians (Burke et al., 2011). Soldiers who stay in the Army
beyond initial obligations represent those who successfully self-manage
weight, thus large increases in BMI are not as likely among career
Soldiers, such as those in their forties.
Among civilians, declines in muscle mass contribute to downward
trends in BMI with age (Jackson et al., 2012b). Soldiers may be more
physically active than civilians (Smith et al., 2012), but lean tissue
decline associated with aging may also explain BMI decreases among
Soldiers. Downward shifts in Army physical fitness standards with age
support this theory. As Soldiers age, the number of repetitions of
strength exercises required to pass physical fitness tests decreases,
while the length of time allowed to pass cardiovascular fitness events
increases (United States Army, 2012). Military-specific factors such as
long-term weight self-monitoring, limits in weight gain, and greater
physical activity are explanations for why Soldiers reach a lower peak
BMI and at an earlier age. Although it is possible that older Soldiers
have been less affected by the US's obesogenic environment, we believe
it more likely that military-specific factors, combined with normal lean
tissue declines with age, may explain why the average Soldier's BMI
declines sooner than the average civilian.
We identified four distinct BMI trajectory groups among Soldiers
which supports our hypothesis of at least three distinct trajectories:
constant, inconstant, and increasing. Our analysis also revealed a de-
creasing trajectory comprising the smallest percent of Soldiers.
Military-specific and sociodemographic characteristics such as MNR,
service years, age, and marriage were associated with BMI trajectory
membership. We also found evidence of BMI fluctuations among
Soldiers supporting our hypothesis that Soldier characteristics are as-
sociated with BMI trajectory, and that a small, but non-trivial number
of Soldiers had BMI fluctuations indicative of weight cycling.
Most Soldiers had a constant trajectory, reflecting adherence to
weight control regulations. These Soldiers had the lowest mean BMI
and fewer were MNR, exceeded weight standards, or had BMI fluc-
tuations. Soldiers in the constant trajectory appear to be those most able
to self-manage weight. Intervention studies using self-monitoring
techniques typically consist of small samples with larger studies en-
rolling a few thousand individuals (Burke et al., 2011). The military
represents the largest known population consistently self-monitoring
weight, thus adding to the evidence of self-monitoring as an effective
weight management strategy.
Soldiers in the increasing trajectory had BMI gains, we postulate,
that were primarily of adipose tissue. The Army's physical training
program relies on resistance training and running (United States Army,
2012). Studies on muscle changes in response to resistance training
show gains in muscle and BMI after a 12-week program which is similar
to the length of time Soldiers spend in basic combat training (BCT)
where they begin physical training routines (Abe et al., 2000; Basic
Combat Training, n.d.). Research on body composition changes in
women after BCT show rapid gains in BMI due to fat-free mass increases
(Friedl et al., 2001). In the increasing trajectory, BMI gains did not
occur until > 1 year into the study interval making BMI gains from
increased muscularity unlikely.
In both men and women, the greatest percentage of Soldiers who
exceeded weight standards, were MNR, or had BMI fluctuations were in
the increasing trajectory. BMI fluctuations could be caused by weight
gain only, but most graphs showed clear evidence of weight cycling.
The increasing trajectory had the highest mean BMI and the largest
percentage of MNR Soldiers. Studies have found a higher BMI asso-
ciated with musculoskeletal injuries (Anandacoomarasamy et al., 2008;
Knapik et al., 2007), which is a common cause of MNR among Soldiers
(Nelson and Kurina, 2013). Studies have also shown weight cycling to
be predictive of future weight gain (Kroke et al., 2002; Saarni et al.,
2006; Blake et al., 2013).
Married Soldiers had the highest risk of increasing-trajectory
membership which supports existing research associating marriage
with weight gain (Sobal et al., 2003). For both men and women, degree
attainment reduced the risk of increasing and inconstant-trajectory
membership, which concurs with research on the positive effects of
education on BMI (Cohen et al., 2013; McLaren, 2007). With the ex-
ception of more Black women in the increasing trajectory, we did not
find race/ethnicity associated with group membership, contrasting
other research that found an association between higher BMI among
Black or Hispanic Soldiers (Smith et al., 2012).
To our knowledge, this is the first study to identify distinct BMI
trajectories in a military population. We know of one study that used
the same method to model BMI trajectories of veterans, but they did not
center BMI resulting in a description of magnitude differences in BMI,
not actual trajectories (Rosenberger et al., 2011). Strengths include the
longitudinal design, size, and breadth of the dataset, which allowed for
robust analysis with high statistical power. Adding to the credibility of
trajectory models is the number of BMI observations and BMI measures
taken during medical visits or in standardized Army events. A weakness
was the limited years of observation time, but consistency since 2014 in
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body composition regulations allows conclusions to be applicable be-
yond the years studied. Nearly 15% of the sample was excluded from
GBTM primarily because these Soldiers had fewer service years in
which to accumulate BMI observations. Although the bivariate analysis
did not indicate substantive differences in the characteristics studied,
these Soldiers may have unique characteristics not captured here.
5. Conclusion
This study found unique patterns in BMI among career Soldiers,
adding to evidence of weight self-monitoring as an effective weight
management technique. In civilian populations, workplace health pro-
grams incentivizing weight management may consider a formal self-
monitoring component to increase action towards weight goals. In the
Army, increasing the frequency of annual mandatory weight assess-
ments may motivate Soldiers to maintain a weight that complies with
regulations and minimizes weight fluctuations, which could improve
combat readiness. We found four distinct BMI trajectories among
Soldiers as well as differences in characteristics associated with tra-
jectory membership, such as service years and education. While some
characteristics are less modifiable than others, a strategy for improving
combat readiness could be interventions targeting modifiable char-
acteristics associated with BMI trajectories of concern. Further in-
vestigation into military-specific characteristics, gender-specific pro-
cesses, and potential mediators such as eating behaviors that may
influence BMI could help the Army better implement interventions
aimed at improving Soldier health.
Disclaimer
The views expressed in this article are those of the authors and do
not reflect the official policy of the Department of Army, Department of
Defense, or the U.S. Government.
Conflicts of interest
None.
This research did not receive any specific grant funding from
agencies in the public, commercial, or not-for-profit sectors.
Acknowledgments
We thank the Soldiers who provided the data for this research.
Study data provided under cooperative agreements with US Army
Medical Command.
References
Abe, T., DeHoyos, D.V., Pollock, M.L., Garzarella, L., 2000. Time course for strength and
muscle thickness changes following upper and lower body resistance training in men
and women. Eur. J. Appl. Physiol. 81 (3), 174–180.
Anandacoomarasamy, A., Caterson, I., Sambrook, P., Fransen, M., March, L., 2008. The
impact of obesity on the musculoskeletal system. Int. J. Obes. 32 (2), 211–222.
https://doi.org/10.1038/sj.ijo.0803715.
Army Medical Command, 2017. Army Medicine Campaign Plan. http://armymedicine.
mil/Documents/Army_Medicine_2017_Campaign_Plan.pdf, Accessed date: 25
October 2017.
Basic Combat Training http://www.goarmy.com/soldier-life/becoming-a-soldier/basic-
combat-training.html, Accessed date: 21 September 2017.
Blake, C.E., Hébert, J.R., Lee, D., et al., 2013. Adults with greater weight satisfaction
report more positive health behaviors and have better health status regardless of BMI.
J. Obes. 2013. https://doi.org/10.1155/2013/291371.
Burke, L.E., Wang, J., Sevick, M.A., 2011. Self-monitoring in weight loss: a systematic
review of the literature. J. Am. Diet. Assoc. 111 (1), 92–102. https://doi.org/10.
1016/j.jada.2010.10.008.
Cohen, A.K., Rehkopf, D.H., Deardorff, J., Abrams, B., 2013. Education and obesity at age
40 among American adults. Soc. Sci. Med. 78, 34–41. https://doi.org/10.1016/j.
socscimed.2012.11.025.
Cole, T.J., Freeman, J.V., Preece, M.A., 1995. Body mass index reference curves for the
UK, 1990. Arch. Dis. Child. 73 (1), 25–29.
de Groot, S., Post, M.W., Hoekstra, T., Valent, L.J., Faber, W.X., van der Woude, L.H.,
2014. Trajectories in the course of body mass index after spinal cord injury. Arch.
Phys. Med. Rehabil. 95 (6), 1083–1092. https://doi.org/10.1016/j.apmr.2014.01.
024.
Field, A.E., Byers, T., Hunter, D.J., et al., 1999. Weight cycling, weight gain, and risk of
hypertension in women. Am. J. Epidemiol. 150 (6), 573–579.
Flegal, K.M., Kruszon-Moran, D., Carroll, M.D., Fryar, C.D., Ogden, C.L., 2016. Trends in
obesity among adults in the United States, 2005 to 2014. JAMA 315 (21), 2284–2291.
https://doi.org/10.1001/jama.2016.6458.
Friedl, K.E., 2012. Body composition and military performance—many things to many
people. J. Strength Cond. Res. 26, S87–S100.
Friedl, K.E., Westphal, K.A., Marchitelli, L.J., Patton, J.F., Chumlea, W.C., Guo, S.S., 2001.
Evaluation of anthropometric equations to assess body-composition changes in young
women. Am. J. Clin. Nutr. 73 (2), 268–275.
Frongillo, E.A., Rowe, E.M., 1999. Challenges and solutions in using and analyzing
longitudinal growth data. In: Human Growth in Context. Smith-Gordon, London, pp.
51–64.
Heo, M., Faith, M.S., Mott, J.W., Gorman, B.S., Redden, D.T., Allison, D.B., 2003.
Hierarchical linear models for the development of growth curves: an example with
body mass index in overweight/obese adults. Stat. Med. 22 (11), 1911–1942. https://
doi.org/10.1002/sim.1218.
Jackson, A.S., Janssen, I., Sui, X., Church, T.S., Blair, S.N., 2012a. Longitudinal changes in
body composition associated with healthy ageing: men, aged 20–96 years. Br. J. Nutr.
107 (7), 1085–1091. https://doi.org/10.1017/S0007114511003886.
Jackson, A.S., Janssen, I., Sui, X., Church, T.S., Blair, S.N., 2012b. Longitudinal changes in
body composition associated with healthy ageing: men, aged 20–96 years. Br. J. Nutr.
107 (7), 1085–1091. https://doi.org/10.1017/S0007114511003886.
Jones, B.L., Nagin, D.S., 2007. Advances in group-based trajectory modeling and an SAS
procedure for estimating them. Sociol. Methods Res. 35 (4), 542–571. https://doi.
org/10.1177/0049124106292364.
Jones, B.L., Nagin, D.S., 2012. A Stata Plugin for Estimating Group-Based Trajectory
Models. http://repository.cmu.edu/cgi/viewcontent.cgi?article=1405&context=
heinzworks, Accessed date: 25 September 2017.
Knapik, J.J., Jones, S.B., Darakjy, S., et al., 2007. Injury rates and injury risk factors
among U.S. Army wheel vehicle mechanics. Mil. Med. 172 (9), 988–996.
Kroke, A., Liese, A.D., Schulz, M., et al., 2002. Recent weight changes and weight cycling
as predictors of subsequent two year weight change in a middle-aged cohort. Int. J.
Obes. Relat. Metab. Disord. 26 (3), 403–409. https://doi.org/10.1038/sj.ijo.
0801920.
Lahmann, P.H., Lissner, L., Gullberg, B., Berglund, G., 2000. Sociodemographic factors
associated with long-term weight gain, current body fatness and central adiposity in
Swedish women. Int. J. Obes. 24 (6), 685.
McLaren, L., 2007. Socioeconomic status and obesity. Epidemiol. Rev. 29 (1), 29–48.
https://doi.org/10.1093/epirev/mxm001.
Nagin, D.S., Odgers, C.L., 2010. Group-based trajectory modeling in clinical research.
Annu. Rev. Clin. Psychol. 6 (1), 109–138. https://doi.org/10.1146/annurev.clinpsy.
121208.131413.
National Center for Health Statistics (U.S.), National Health and Nutrition Examination
Survey (U.S.), 2016. Anthropometric Reference Data for Children and Adults: United
States, 2011–2014. U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention, National Center for Health Statistics, Hyattsville,
Maryland.
Nelson, M.D.A., Kurina, L.M., 2013. Clinical prediction of musculoskeletal-related
“medically not ready” for combat duty statuses among active duty U.S. Army soldiers.
Mil. Med. 178 (12), 1365–1372. https://doi.org/10.7205/MILMED-D-13-00182.
OMB Directive 15, 2009. Race and Ethnic Standards for Federal Statistics and
Administrative Reporting. https://wonder.cdc.gov/wonder/help/populations/
bridged-race/directive15.html, Accessed date: 17 February 2017 (May 12).
Prentice, A.M., Jebb, S.A., 2001. Beyond body mass index. Obes. Rev. 2 (3), 141–147.
Rosenberger, P.H., Ning, Y., Brandt, C., Allore, H., Haskell, S., 2011. BMI trajectory
groups in veterans of the Iraq and Afghanistan wars. Prev. Med. 53 (3), 149–154.
https://doi.org/10.1016/j.ypmed.2011.07.001.
Saarni, S.E., Rissanen, A., Sarna, S., Koskenvuo, M., Kaprio, J., 2006. Weight cycling of
athletes and subsequent weight gain in middleage. Int. J. Obes. 30 (11), 1639.
Smith, T.J., Marriott, B.P., Dotson, L., et al., 2012. Overweight and obesity in military
personnel: sociodemographic predictors. Obesity 20 (7), 1534–1538. https://doi.org/
10.1038/oby.2012.25.
Sobal, J., Rauschenbach, B., Frongillo, E.A., 2003. Marital status changes and body
weight changes: a US longitudinal analysis. Soc. Sci. Med. 56 (7), 1543–1555.
https://doi.org/10.1016/S0277-9536(02)00155-7.
Tu, A.W., Mâsse, L.C., Lear, S.A., Gotay, C.C., Richardson, C.G., 2015. Body mass index
trajectories from ages 1 to 20: results from two nationally representative Canadian
longitudinal cohorts. Obesity 23 (8), 1703–1711. https://doi.org/10.1002/oby.
21158.
United States Army, 2012. Army Physical Readiness Training. http://armypubs.army.
mil/epubs/DR_pubs/DR_a/pdf/web/fm7_22.pdf, Accessed date: 26 October 2017.
United States Army, 2013. The Army Body Composition Program. http://www.apd.army.
mil/, Accessed date: 11 October 2016.
United States Army, 2016. Standards of Medical Fitness. http://armypubs.army.mil,
Accessed date: 6 July 2016.
Walsemann, K.M., Ailshire, J.A., Bell, B.A., Frongillo, E.A., 2012. Body mass index tra-
jectories from adolescence to midlife: differential effects of parental and respondent
education by race/ethnicity and gender. Ethn. Health 17 (4), 337–362. https://doi.
org/10.1080/13557858.2011.635374.
Zhang, Q., Wang, Y., 2004. Trends in the association between obesity and socioeconomic
status in U.S. adults: 1971 to 2000. Obes. Res. 12 (10), 1622–1632. https://doi.org/
10.1038/oby.2004.202.
J.M. Jayne et al. Preventive Medicine Reports 14 (2019) 100818
9
Downloaded for Anonymous User (n/a) at University of South Carolina from ClinicalKey.com by Elsevier on February 27, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.
